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The Jet Pump 

One practical use of the fluid jet is to pump fluids to a higher pressure by use of a jet of fluid injected 
into a pipe of moving fluid. Such a jet pump is illustrated in figure 5,6 which shows a jet of velocity V m 

and area aligned with the axis of a pipe of area A at a point where the pipe flow velocity is Vi and the 

pressure is Pi. At a distance downstream, where the two streams have completely mixed, the velocity is 
Va, and the pressure Pa is greater than Pi. The amount of the pressure rise Pa — Pi depends upon the 

velocities V\ and V M and the area ratio A 9 /A in a manner that may be found by applying mass and 

momentum conservation to the fluid in the control volume shown in figure 5j5. 
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Figure 5.6: A jet pump consists of a coaxial jet of high speed fluid injected into a pipe of lower speed 
fluid. The mixing of the two streams produces a rise in pressure downstream. 



We will consider the case for which the jet fluid and the pumped fluid are both incompressible and have 
the same density P. Applying mass conservation to the steady flow of fluid across the control surface of 
figure 5.6 ? 

Next use the linear momentum equation 5.1 1 for the same control volume, but assume that the viscous 
force on the pipe walls is negligible (t = 0): 



http://www.mas.ncl.ac.uk/~sbrooks/bc^ 10/15/2002 

I 



The Jet Pump 



Page 2 of 3 



| //X pV + ( ,hV )~* - c*^ 

= (pi-J»a)A + 0 + 0 + 0 

Eliminating V 2 between these two equations and solving for the pressure rise, 

p 3 -J>i = ^(l-^) P(V.- V0 3 (5.24) 

The maximum pressure rise that we could expect would be that for inviscid flow of the jet decelerating 
from the speed V. to V 2 = V n A m /A, or a pressure rise of (pV,*/2)(l - A* /A 2 ). Dividing equation 5.24 

by this pressure rise, we have a dimensionless form of the jet pump equation: 
»Z» = 2 ( j^rj) ( 1 - £V (B.25) 

Since A a /A<l and Vi/ V. < 1, the right side of equation 5.25 is always less than one. 

The jet pump allows us to pump a greater volume flow rate — than that needed to supply the 
jet (Vt-Ai), albeit with a lower pressure rise than that needed for the jet supply. 
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Example 5*12 

A jet pump consists of a jet of diameter Z>, = 1 in inside a pipe of diameter £> = 3 in* 
The jet volumetric flow rate & is 100 GPU (gallons per minute). Calculate the 
pressure rise in the jet pump when the volumetric flow rate gt 500 GPM. 

Solution 

In SI units* the flow areas and flow rates are: 

A s = j(2J54E(-2)mf = S.Q€?E(-4) rr?; A = M, = 4.5«0£(-3)m 2 

and the velocities V\ and V, are: 

v - & - 3AS4E(-2)my* - 77fllm/j 

~ A — A, ~ 4.5<S02(-3)m 2 -SXCTEM)** 2 " ' 7 

Vj = ^ = c .v^i = 12-45 m/i 

A, 5.0S7£(-4)m* ' 

Substituting these values in equation 5.24, 
^ = 1 ^1 _ 1^ (lE(3)kgfnt)(l2JSm/M- 7.781 m/i) 2 = 2-153£(3)ife 
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